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Abstract 

Study  Of  the  joining  of  metals  (in  the  form  of  a  tee  joint)  by  decomposi^ 
tion  of  organometallic  compounds  yielded  information  relative  to  the  major 
problems  involved.  Inability  to  form  a  fillet  and  lack  of  throwing  power 
appeared  as  major  problems.  Deposited  coatings  thi^ed  near  the  tee  joint 
and  resulted  in  joints  with  low  strength  and  little  practical  value. 

Vapor  plating  of  nickel  and  iron  resulted  in  ductile  adherent  coatings  on 
Armco  17"?  PH  stainleiss  steel  and  Ti  6Al»kV  alloy.  Vapor  plating  of 
chromium  and  molybdenum  produced  adherent  but  brittle  coatings.  Ej^rii* 
ments  on  the  joining  of  metals  and  honeycomb  sandwich  by  vapor  plating  and 
resistanoe  welding  indicate  merit  in  this  approach. 
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1.  SUMMARY! 

A  study  of  the  Joining  of  metals  (in  the  feSii  of  a  tee  joint)  hy 
the  decomposition  of  organonetallie  compounds  yielded  information 
as  to  the  major  problems  involved.  It  appeared  that  inability  to 
form  a  fillet  and  lack  of  tMowing  power  are  major  problems. 

Sepoaited  coatings  became  thinner  near  the  tee  joints  resulting  in 
a  joint  of  low  strength  and  little  practical  value,  further  research 
an^  OVefoome  these  difficultisfl. 

Vapor  plating  of  nickel  and  iron  resulted  in  a  ductile  adherent 
coating  on  lV-7  RH  stainless  steel  amd  titanium  alley.  Vapor  plat-* 
Ing  of  chromium  and  molybdenum  produced  adherent  coatings  whioh 
proved  to  be  brittle.  Vapor  plating  should  bo  investigated  as  a 
means  of  producing  plated  parts  without  hydrogen  embrittlement. 
Advantage  should  also  be  made  of  coatings  made  by  vapor  depOsitioi^ 
at  high  temperatures  beeauso  these  coatings  are  frequently  aore  ad^ 
herent,  less  porous  and  more  stable  under  high  temperaturay  than 
coatings  applied  by  other  methods  at  low  tenperatures. 

Experiments  on  the  joining  of  metals  end  boneyoenb  sandwich  by 
electroless  nickel  and  induction  resistance  welding  indicate  that 
.these  mothods  may  warrant  further  investigation. 
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II.  INTRODUCTION t 

It  vae  proposed  ^  Dr.  Critehflild  of  the  CoiiTalr  Scientific  Research 
Laboratorjr  that  reactions  of  certain  organooetaliic  conpouads  where 
the  pure  metal  is  obtained  freii  the  faeecus  state  might  be  applied 
to  the  produetioii  of  brazed  joints  in  honeyeomb  structures. 

Oertain  inherent  advantages  would  be  realized  if  honeycomb  structures 
eeuld  be  fabricated  in  this  fashion.  Joints  of  pure  metals  such  as 
niokely  aDlybdenua«  ehromiua,  etc.  oould  be  utilized  at  teii^eratures 
higher  than  the  maxisum  service  terperature  of  the  present  brazing 
alloys.  Also, the  relatively  low  tentperatures  necessary  for  these 
reactions  would  be  more  compatible  with  the  heat  treatment  Of  the 
sandwich  naterieds.  The  actual  bonding  of  the  joints  epuld  be  per*^ 
formed  prior  to  heat  treatment,  during  various  Stages  of  heat  treat¬ 
ment,  or  in  the  fully  heat  treated  condition^  depending  upon  the  de¬ 
sired  end  charaeteristios.  The  latter  advahtage  could  greatly  redace 
the  oiorent  high  cost  of  fabricating  honeyooid»  structures. 

ni.  OBJRCTi 

The  object  of  this  investigation  was  to  detemine  if  it  is  feasible  to 
fabricate  metal  honeycoido  sandwich  structures  using,  as  the  bonding 
agent)  metals  obtained  from  metal  organic  confounds. 
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I.V.  Dl^CllSSlOM  OF  THE  LITERATURE* 

Metal  depOlitlon  by  deconpoaltlon  of  ffletallid  orgaliio  vapori  wai 
atarted  in  Enfland  In  1S90  when  Mond  ohanoed  upon  the  first  vapor 
deposition  phenomenon  while  studying  the  effects  of  finely  divided 
nldcel  on  GO.  Interest  In  vapor  deposition  temporarily  waned. 

However,  from  1909  to  1939^  attention  was  again  directed  to  vapor 
deposition  when  various  hallde-reduetion  and  halide  decofipositioa 
proeesses  were  used  to  prepare  tantalum,  titanium,  sirconium  and 
othor  refraotory  metals.  The  development  of  vapor  deposition  as  a 
■sans  of  applyit^  protective  coatings  took  place  largely  after  1935. ^ 

Vapor  depoeition  cofieists  essentially  of  reducing  or  decoaposlng  a 

Volatile  oonpounl  of  the  coating  material  upon  a  heated  surface* 

For  the  practical  Oiiplpyiiieiit  of  this  msthod,  the  material  must  form 

a  Volatile  oonpound  which  can  be  readily  disassociated  or  reduced  at 

teBperatures  below  the  melting  pointe  of  the  coatings  or  of  the  base 

material,  but  which  is  sufficiently  stable  to  prevent  deooitpositipn 

or  reduction  before  reaching  the  deposition  surface.  Coatings  made 

in  this  way  at  higb’teiiperatures  are  frequently  more  adherent,  lees 

porous,  and  more  stable  under  high  temperature  pperation  than  materi^ 

ale  deposited  at  lorer  teB^raturee  by  other  methods.  For  this  reason 

vapor  deposited  chromium  and  idckel  eeatlnge  are  being  used  inoreasings 

ly  for  id,gh  temie  rature  applications ,  although  these  metala  can  be 

1,2 

more  easily  applJ.ed  by  conventional  deposition. 
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IV*  D14GUSSlDN,,Ut\  Till  LlTlSRATllREt  (Cofttinuod) 

fwo  general  motbods  for  vaiior  dapoaitipn  are  usidt  ^ 

(1)  ReduGtlon.  or  dlSiPlacenient 

(a)  HTdrogon  or  aetal  raduction  of  halldos. 

(R)  Raactlon  of  halides  with  a  gaa  oontaining  carbon,  nitrogen, 
boron,  silicon,  or  ex^en  ooii|>ounds* 

(c)  Displaceftent  or  reactipn  of  base  Material  with  one  of  the 
Constituents  of  tlM  gas  phase. 

(2)  Thermal  decomposition 

(a)  High  teaperature  deeonposition  ef  halides  and  ex^en  contain^ 
ing  coi^unds* 

(h)  Low  tenperature  pyrolysis  of  carbonyls »  hydrides,  arenes^  etc* 

it  was  decided  tp  epneentrate  the  literature  and  ea^rimental  work  on 
the  decompositipn  pf  metallic  organic  coR|)ounds  containing  iron^  nickel, 
and  chrondum,  as  these  are  the  major  elements  present  in  17'«'7  PH  staln'p- 
less  steel  which  is  of  interest  in  metal  honeycomb  bonding.  Molybdenum 
was  also  investigated  because  of  its  high  teaperature  applicatiess* 

Ironi 

Iron  can  be  vapor  deppsltod  by  hydrogen  reduction  of  ferric  chloride 
vapor  at  650^0.^,  by  thermal  deconposition  of  ferrous  iodide  in  vacuo 

4 

at  1100^0.,  using  a  vaporization  teaperature  of  500^.  ,  or  most 

readily,  by  the  pyrolysis  or  iron  carbonyl.  ®  The  iitoratiMre 

9  6  7 

»  indicates  that  iron  pcntacarbonyl  deconposes  nt  terperatures 
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IV.  DISCUSSIOM  OK  TUB  LIIl!«ATUHKi  (ContlnaOd) 

Iron  I 

as  low  as  60°  to  .140°C*  tho  Host  satisfacte^  and  adharent  heairy 
ceatinga  are  obtained  at  370°  to  450°C.  Iron  eeatings  are  extroinelj 
brlttli  in  the  as  deposited  state,  probably  booause  Of  carbon  d’^^Sitod 
with  tho  Iron,  tho  eoatincs  can  bo  rondorod  ductllo  annoallng  In 
hydrogon  at  900^.  for  20  to  yO  mlimtos. 

mckeii 

Nickol  can  bo  doposltod  in  an  adhoront.  ductllo  fora  by  thorBal  do- 
coiiposltion  of  nickol  tetraearbonyl  at  140°  to  240°C.  tho  optliiui 
dopes! tloo  tottperatiure  ranges  froin  180°  to  200°C. 

IboTo  205°C«  finely  divided  nickol  Is  forifM»d  which  oatalyaes  tho 
dlspro^rtionatlon  of  carbon  nonoxlio.  causing  carbon  tp  deposit 
along  with  the  nickel* 

Mlokel  can  also  bo  doposltod  at  350°C.  to  450°C.  from  nickel  acotyl« 
acetenato  ^  Taporliod  at  about  160°C..  proforably  at  rodueod  pressure. 

faifendumi 

Cluoaduai  can  be  doppsited  from  its  haUdos  -y  however  these  ooimpounds 
are  all  so  non-volatile  that  the  use  of  fused  silica,  vyqor  or  aetal 
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IV.  DiSCUSiaiUN  UF  TII£  LItmtURKi  (Cuntinued) 

StifoaAvfiit 

•qulpt’unt  is  required  in  both  tbe  thernul  deoo  inpostluii  (1260'^  to 
1  13 

1400^C.)  *  aixl  the  hydros, on  reduction  procosses. 

(1000“  to  1200“C.)  ^  15 

Attepipts  have  been  made  to  Va^or  deposit  clfomlum  at  low  teiapcratures 

by  reduction  or  deconposition  of  chrotnyl  chloride  and  by  pyrolysis 

17  IN  m  18 

Of  cbromlua  carbonyl.  *  »  *7  i^ndgr  and  Gertcer  ex*  -rimented 

briefly  and  not  too  successfully  with  the  chromlun  CM^bonyl  pyrolysis 

19 

process.  In  a  more  extensive  investicationi  Owen  and  Uebber  obtain«» 
ed  deposits  of  varying  chromium  content  on  steel  from  a  mixture  of  the 
earbonyl  and  hydrogen  at  reduced  pressures  and  a  temperature  of  about 
450“C.i  where  the  highest  purity  (95%  Ct,  5%  Cr^  O3)  deposit  was  eb^^ 
tained.  it  625“C.,  a  deposit  of  much  lower  purity  (40^  0r|  60j(  Cr^  0^ 
4-  Cf^  C^}  was  obtained.  At  both  these  tenperatures,  well  bonded  de« 
posits  resulted,  but  at  other  temperatures  (230“C.  to  6^“0.)  the  de^ 
posits  were  poorly  bonied  and  contained  varying  atooun'^S  of  oxide  and 
carbide. 


A  tech^cal  infoytoatiou  bulletin  ^  from  Union  Uarbide  Chemical  Co., 
Si^;tests  the  usv  of  6o.«  of  tljC  luore  rocontly  prcpiiTcd  compounds; 
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IV^  DISGliSSIOM,  OF  tta  MllRA^^  (Continued) 

dl^beneeno  Ohfomlumt  di^toluine  chrooluai  end  dlaeumene  chx^niuin, 
for  vepor  plating  InvolTlng  chromliut.  Some  of  the  novel  f^^pez^ies 
end  uniq^ue  et^ctujre  deteile.of  these  erene  eosqpounds  ere  discussed 
IR  Berlehte  23^  nm  Naturforschi 

1  nufflher  ®f  patents  ^  26  to  4I  1,^  jjj,  ConBOnweelth  Dng ineerinf 

Company  of  OhlOj  Oeytony  C^o,  ere  listed  which  refer  to  vapor  phase 

netel  plating  using  Cr  (CO)^,  Pe  (CO)^  and  Hi  (CO)^.  Commonwealth 
10 

also  states  ^  that  it  Is  possible  to  plate  alloys  from  mixtures  of 
metal  gas  ooiqwunds^  Certain  alloys  such  as  stelnless  steel  can  be 

AO  • 

plated  from  the  gas  phase.^ 

In  all  the  references  mentioned  so  far  no  mention  Is  made  of  bonding 
two  metal  substraits,  by  vapor  deposition;  only  vapor  phase  plating 
le  discussed*  The  only  reference  i^ch  mentions  the  use  of  this 
techidque  for  bonding  was  found  in  a  patent  ^  given  to  P*  Pavlyk 
et  al«  of  Conaiionveal^  Englneei^ng  Company*  This  patent  describes 
.  the  use  of  nickel  carbonyl  ^d  nickel  acetylaeetonate  in  the  formation 
of  inetal«te«inetal  seals  which  are  composed  of  finely  deposited  metil 
for  the  purpose  of  preventing  leakage  into  evacuated  containers  such 
as  electron  tubes*  Ho  dotolls  are  given  about  the  strength  of  the 
bonds* 
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V. 


MATERIALS: 

the  following  oonpounds  Wen  used  in  this  e^efimentel  study t 
(1)  Molybdenum  hexacerbonylj  Ho  (CO)^  v*p*  at  35°Q*^2*3inm.j  obtained 
from  Cllm(»  Molybdenait  Coqpany,  500  Fifth  Avenue,  New  York  36, 


(2) 


New  York. 

Oi^Kiuiieiie  eturOBdum, 


v.p.  at  R2'’C.'<^  .OSittn.}  obtained  from  Union  Carbide  Chemical 
Company,  30  East  42nd.  Street,  New  York  17,  New  York. 


(3)  Iron  pentacarbonyl ,  fe(CO)^,  /.p*  at  18^.^2Rim.|  obtained  from 
Antara  Chemicals,  435  Rudaen  street.  New  York  I4,  New  Yorki 

(4)  Chromium  hexacarbonyl,  Cr  (CO)g,  v.p,  at  26'’C.^.43mn*i  obtained 
from  Electro  Metalltu^lcal  Company,  Box  596,  Nli^ra  falls.  New 


York. 


(5)  Nickel  carbonyl,  Ni  (CO)^,  v.p.  at  30^C.^330iii,)ebtalned  from 

International  Niekel  Cospany,  65  Mall  Street,  New  York  5,  New  Yeik. 


Specimens  were  made  from  the  following  materials t 

(1)  Nickel  base  alloy,  Hastelloy  R235> 

(2)  Corrosion  resistant  steel,  lY^TPH. 

(3)  TltaniiuB  alloy,  T1  611  4V, 


VI.  mmm- 

A  vacuum  apparatus  was  built  of  pyrex  glass  for  the  manipulation  of 
the  toxic,  aid  air' reactive  volatile  coTapounds,  It  consisted  of 
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VI.  AfyAMTUai  (Continued) 

Rondonaatlon  Iraps  for  storing  and  purifying  metal  compounds^  a 
nianoineteff  Water  cooled  i'lirnace,  fleviKieteri  glass  Stopcocks  f  Ik:  Leod 
gauge f  needle  valve,  hydrogen  purifier,  vacuum  pumps,  temperature  re« 
eorder,  an  induction  heater,  and  interconnecting  glass  tubing.  Figure 
1  shows  a  flow  diagrain  of  the  apferatus,  While  Figures  2  and  3  are 
photographs  of  the  eesential  features  of  the  apparatus. 

Design  of  the  apparatus  made  it  possible  to  operate  at  atmospheric  or 
at  reduced  pressures  with  a  maxiiuii  of  safety.  Will)  the  apparatus 
available  the  following  variables  could  be  controlled  (i)  vapor 
pressure  of  metal  organics,  thus  changing  the  percent  oomposition  of 
the  vapor  in  the  carrier  gas,  (2)  type  and  flow  rate  of  carrier  gas, 
(3)  tSnperature  of  sample,  (4)  total  pressure  of  the  system  and  {$) 
time  of  plating  or  bonding. 


VQ.  PROCEniREt 

i  typical  experiiient  consisted  of  scrubbing  the  specii.;en  to  be  cpated 
or  bonded  with  soap  and  water  and  rinsing  with  tcethyl  ethyl  ketone. 
The  specimen  was  then  placed  inside  the  water  cooled  pyrex  induction 
furnace  (approxirL'ately  two  inclies  in  diameter). 
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FIGURE  2  Front  View  of  Vacuum  Test  Apparatus 
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VII*  PKUUKDUMi  (CotttJimtd) 

The  cafiiplej  located  ai-projqL. ate);/  in  the  center  of  t)i^  furnaGe>  was 
held  by  meins  of  m  theruHieouplt-  Which  waS  eonnocted  to  a  rScorder  for 
lndlcatlnj{  the  temperature  of  the  speGinien»  the  specimen  Was  heated 
by  Induced  hinh  frequency  currents*  ixternal  furnace  heating  was  not 
employed  aS  tlie  plating  efficiency  would  be  low  due  to  extreme  deposit 
tlon  on  the  walla  of  the  furnace. 

The  specimen  was  prehoateJ  in  4  liydrogen  atinosphere  to  650"C.  to 
700*’C.  for  15  to  30  minutes.  Tids  helped  in  the  dovelppinent  of  an 
adherent  bond.  Tlie  tci&perature  was  then  lowered  to  the  decomposition 
temperature  of  tlie  idutiil  orgotU-c  and  tlic  Specimen  Was  maintained  at 
this  temperature  while  expoSod  to  Lhc  ''platinij  gas"  c'onsisting  of  a 
mixturo  of  metal  eoiupomia  va^or  and  liydrO(,on  or  lielium,.  This  experi- 
(Dsnt  could  be  performod  at  atmospheric  pressure  or  at  reduced  pressure. 
An  inert  carrier  gas,  helium,  was  substituted  for  hydrogen  in  opera tlons 
at  atmospheric  pressure.  In  pperations  at  reduced  pressure,  a  vacuum 
of  approxiaately  ^was  obtained  previous  to  the  introduction  of  the 
earrler  gas.  The  metal  cgn^uad  was  oiaintained  at  a  speeifled  tenders 
ature,  as  well  as  the  specimen  in  the  furnace.  The  carrier  gas  be« 
cams  ■saturated"  with  vapor  of  the  metal  compound  from  the  vaporizer, 
and  the  mixed  gases  entered  the  furnace.  The  temperature  gradient  in 
the  furnace  was  as  high  as  posSibic  so  that  actual  decoiTposition  took 
place  on  the  het  speeixeu  and  not  «.r.  the  wails  of  the  furnace  or  in 
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Vil*  PROCEDURE »  (Continued) 

If  deeOnpoeition  Occurred  in  the  gas  phase  a  "snowing"  took  place  re» 
suiting  in  a  nonf-adherent  powdery  coating*  the  reaction  products, 
carrier  gas,  and  undeconposed  metal  conpound  passed  out  of  the  fur^ 
nace,  with  the  undece^osed  netal  oonpound  collecting  in  the  liquid 
nitrogen  trap*  this  trap  also  protected  the  furnace  from  oil  and 
water  vapor  from  the  putqp* 

The  ssj^le  was  then  annealed  for  15  to  30  minutes  at  a  tenperature 
consistent  with  the  materials  being  bonded*  this  heat  treatment  re^^ 
moved  adsorbed  gases,  relieved  stresses,  generally  increased  the 
ductility,  and  decreased  the  tendency  for  the  deposit  to  Spall* 


mi.  BESJtTO.  AND  DISCUSSION  t 

Initial  e^erlments  were  designed  to  obtcd.n  the  conditions  of  (a) 
flow  rate,  (b)  temperature  of  specimen,  (c)  temperature  of  metal 
orgudc,  (d)  type  of  carrier  gas,  (e)  annealing  time,  (f)  cleaning 
conditions,  and  (g)  total  presswe  of  system  (atmospberlo  to  a  feu 
millimeters),  in  order  to  obtain  a  bond  of  nickel,  ivoa  and/or  clnro* 
nium  to  the  base  metal* 

Other  ei^eriments  followed  in  which  the  Information  learned  initially 
was  used  in  attempts  to  obtain  bonding  of  17«7PH  alloy  tee«"4olnti  end 
opan  face  (half  of  a  sandwich)  boneyconb  (l7»7fH  alloy)  using  ^bkel 
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VIII i  RBSULTS  AND  msCOSgONt  (Continued) 

froni  nickel  carbonyl  and  nickel  obtalfBd  from  the  electroless  method 
of  aqueous  solution  plating.  (See  Figure  9). 

E^eriments  were  also  planned  to  Obtain  a  bonded  layer  of  stainless 

steel  (obtained  from  the  gas  phase  mixture  of  nickel,  iron,  and 

Chromium  carbonyls)  to  the  base  metal*  this  according  to  the  litera- 
<2 

ture  ^  is  possible ,  however >  time  did  not  permit  this  group  of  ex^ 
periments . 

Good  adherent  ductile  coatings  Of  nickel  and  iron  were  obtained. 

(See  Figures  4,  5y  and  6).  the  ductilities  and  adhesion  of  the  deposit* 
ed  coatings  were  determined  on  the  basis  of  their  ability  to  withstand 
severe  bending.  Ductile  chromiuin  and  molybdenum  deposits  were  harder 
to  obtain,  aS  seen  from  Figures  7  and  8.  More  experiments  with 
cluvi^uni  and  mplybdenuii  probably  would  result  in  increased  ductility 
and  less  cracking. 

Results  of  typical  ep^riments  for  Iron,  chrondlum,  nickel,  and  nplyb« 
denuun,  along  with  operating  conditions,  are  listed  in  Table  I. 
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FIGUHE  /  Cross  section  of  .C009i-inch  nickel  coating  on  17*7FH 
alloy.  Coating  was  deposited  at  atmospheriG  pt*essufe  in  10  mih. 
Kagnification:  500a.  Etchant:  acid  ferric  Chloride. 


FIGURE  5  Gross  section  of  ,0004«inch  nickel  plate  on  Ti  4V 
sheet.  View  shows  adherent  plating  on  the  tension»side  of  a  bend 
specimen  and  crack  propagating  through  parent  material, 
hiagnif ication !  400X.  Etchant;  acid  ferric  chloride. 
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FIvjURE  6  Cross  sectLoft  of  diffused  ,0003*inch  iron  plating;  or: 
Ti  6i'>.l  4V  sheet*  Magnification:  640X*  Etchant:  KF^H1>C3. 


FIQURS  7  Cross  section  of  brittle,  adherent,  .0013‘»irich  rnolyb* 
denum  plating  on  alloy  sheet,  tofnification:  400X, 

Etchant:  acid  ferrie  chloride. 

IS 
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FIGURE  8  Cross  section  of  brittle,  adherent,  ,0006  inch 
chromiiiir.  platin;;  on  alloy,  >iagnification:  500X* 

Etchant;  HCl  picric. 


FIGl^  9  View  of  bonded  honeycomb  (facings  and  core  are  17»7PH 
alloy),  Structure  was  bonded  by  ehendcaliy  reduced  nickel  from 
liquid  solution.  The  visible  washers  were  also  fastened. 
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VIII*  HEStILTS  AND  QlSUUSSlCftU  (Continued) 

Nickel  deposited  from  nickel  carbonyl  gave  the  most  ductile  bond^ 
the  most  easily  reproduced  bond,  and  the  hlj^hest  rate  of  plating. 
ThuS}  it  was  chosen  for  further  e^erlnents  involving  bonding  Of 
IV-TTH  in  tee- joints  and  open  face  honeycomb.  Various  attempts  to 
join  metal  (17-7PH}  by  neons  of  decoi^ositlon  of  nickel  carbonyl 
were  unsuccessful.  Poor  "throwing  power"  or  inability  to  form  a 
fillet  Were  responsible.  The  deposited  coatings  became  thinner 
near  the  tee-joint.  An  attempt  to  restrict  the  plating  to  a  small 
area  by  masking  with  "Porcelox"  was  also  unsuccessful.  Insufficient 
teRg>erature  drop  through  the  mask  caused  deposition  on  the  mask  also. 
Other  atteii$>ts  to  restrict  the  plating  by  using  a  nossle  to  direct 
the  vapor  toward  the  position  of  the  desired  fillet  also  proved  un- 
suooeesfUl. 


Some  initial  experinents  were  tried  to  determine  \diether  plating 
could  be  accodqplished  in  the  inside  cells  Of  a  honeycoDb  sajidwleh. 
Sanqples  of  stainless  steel  honeycomb  with  .08  inch  holes  connecting 
^  individual  cella  were  plated  with  tddkel  in  a  series  of  batch  pro- 
oesses.  These  processes  allowed  ^  plating  gas  to  reach  the  inside 
of  the  cells  before  ^  netal  surfaces  were  heated  to  deconpoe e  the 
gas. 

*  (Mgh  temperature  protective  coating  for  meted  Burfaoesj  Kraus 
Research  Laboratoiiesy  Cockeysville.  Maryland.) 
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VIII.  RESULTS _AND  tffSCUaaIOHt  (Continued) 

After  a  batch  or  pulse  of  platln>jy  the  undeconposed  gaS  and  gareOuS 
products  of  decomposition  were  pumped  out  of  the  systein  and  a  fresh 
eharge  of  plating  gas  introduced  to  repeat  the  cycles  The  resulting 
plated  specimens  were  found  to  hare  plating  on  the  walls  of  the  interior 
honeycomb  cells)  howererf  no  bond  was  obserted  betmen  the  iietal  hon^^ 
comb  and  the  iiistal  skins* 


A  prirate  comiminlcation^  with  Pr.  J.  j.  Lander  of  the  Bell  Telephone 
Laboratories i  essentially  confirmed  our  findings*  Dr.  Lander  did  the 
pioneering  gas  plating  work  with  Mo(00)^y  Cr(CO)^  and  W(CO)^  (See  Ref* 
1$)*  He  Stated  that  It  would  be  difficult  to  bond  two  skins  of  steel 
In  a  tee* Joint  by  pyrolysis  of  metal  organics*  He  risualised  diffi* 
ottlty  with  "throwing  power”  or  ability  to  form  a  satisfaotoxy  fillet* 

A  telephone  conreraatlon  with  George  S.  Stoycosy  Vice  president  of 
CpBBiDnwealth  figgineering  Conpanyy  Sayton  QhiOy  indicated  that  Gommon* 
woalttSs  experience  with  rapor  phase  metal  bonding  Included  the  bonding 
of  two  nickel  bars  with  nickel  from  the  deconposition  of  nickel  carbonyl 
The  nickel  bars  were  separated  by  a  gap  of  1/4  inchy  which  was  fiUed 
with  nickel  from  HI  (CO)^  decompositlpn*  The  resultant  bar  had  very 
good  strength.)  he  Indioated  that  its  etreng^  was  that  of  the  original 
two  nickel  bars.  G.  S*  Stoycos  thought  that  ^  idea  of  bonding  stain* 
less  steel  honeycomb  by  motal  or^nic  doeonpositionvis  intorostlngy 


GOMVAXR  San  Diego 


Keport  Ho*  650^046 


VIII*  RESULTS  AND  DISCUSSION t  (Continued) 

dlffieult,  but  possibly  feasible.  He  stated  that  tho  first  step  of 
a  feasibility  study  would  be  to  arrange  for  a  meeting  of  interested 
personnel  from  Conmiir  and  ComiBonwealth  to  diseuss  the  problem  further. 

Other  ApproaGhas  t 

(1)  Induction  Welding  *  In  an  attempt  to  bond  17‘^'^H  stainless  steel 
with  nickel  deposited  from  nickel  earbonyl,  it  was  observed  tliat 
a  %ield  was  obtained  at  the  interface  of  the  metal  (lap  Joint). 

At  first  it  was  thought  that  this  bond  was  due  to  the  nlokeli 

« 

however  i  metallurgieal  exandnatlon  and  further  ejqperiments  proved 
that  a  weld  resulted  from  induction  resistance  heating.  Large 
ou^ents  had  been  induced  in  the  metal  and  had  eaused  high  local 
heating  at  points  of  contact  where  the  resistance  was  high. 
Attempts  to  reproduce  this  resistance  welding  prored  successful. 
Joining  metals  by  this  method  may  warrant  further  investigation. 

(2)  Metal  Joining  with  Electroless  Nickel  «  Initial  attempts  to  Join 
honeycomb  sandwich  (open  faced  sandwich)  by  an  electroless  nickel 
Solution  provided  our  first  and  only  bonded  sample  of  metal  honey* 
oombf  (See  Figure  U).  this  method  of  plating  insured  unifonD 
deposits  of  nickel  in  all  areas,  comers,  crevices  etc.,  where* 
ever  the  solution  came  in  contact  with  the  base  metal.  Allowance 
was  made  for  the  release  of  hydrogen  which  was  evolved  by  this 
process. 
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VIII.  RESULTS  AND  DISGUSSTONt  (Continued) 

A  nickel  plate  (hardnese,  500  Tickers)  of  approximately  ^002  inchei 
Was  obtained  uSinc  an  acid  type  electroless  nickel  bath*  ^e  bond 
formed  by  the  core  to  the  Sheet  was  goOd>  aS  the  iSlple  could  be  sawed 
in  half  Without  breaking  the  bond  between  the  core  and  the  sheet* 

A  more  ductile  nickel  than  that  obtained  on  the  test  piece  can  be 
obtained  by  a  post  annealing  of  the  plated  specimen  at  a  temperature 
of  750*^.  in  an  inert  atmosphere*  In^revement  of  the  aetal  bond 
can  be  made  by  use  of  boneyconk  material  of  steel  containing  less 
ehroadum* 


iX* 

(1)  Conmionwealth  Engineering  of  Dayton  Oldo,  has  spent  15  years  on 
research  and  deTelopment  in  the  field  of  gas  plating*  It  is  re- 
ooigmended  that  further  contact  be  made  with  Commpiiwealth  to  dls^ 
cuss  the  matter  of  Taper  phase  bonding* 

(2)  Vapor  plating  should  be  InTestigated  as  a  neans  of  producing  plated 
parte  without  H2  ombrlttleiient* 
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1X4  RECOM^DAflONSi  (Continued) 

(3)  falce  adi^ntage  of  the  fact  that  coatings  made  by  tapor  deposition^ 
at  high  tert^erature)  are  ffe^ently  mOfe  adherent^  less  poTOuS^ 
and  more  stable  under  high  temperature  operation  than  materlais 
deposited  at  lower  te^eratures  by  other  methodB# 

(4)  ZnTostlgatef  in  more  detail,  the  electroless  nickel  process  for 
the  production  of  high  teig3erature  resistant  honeye0inb4 

(5)  Inifestigate  induction  resistance  welding  for  the  production  of 
Certain  parts,  and  possibly  for  the  production  of  high  tempera*^ 

I 

tore  resistant  honeycomb. 

X.  CONCLUSIOMi 

The  results  of  o\ir  investigation  indicate  that  certain  factors  appear 
adequate  for  the  fabrication  of  metal  honeycomb  sand^oh  structures 
using  metals  from  vapor  deposition  for  the  bonding  agent.  These 
factors  inclvule  satisfactory  adherent  platings  and  a  sufficient  rate 
of  plating  in  the  case  of  nickel.  To  obtain  plating  inside  a  honey» 
comb  cell,  prelisdnary  teste  indicate  bat^  wise  plating  or  plating 
in  pulses  will  allow  plating  \diere  it  could  not  be  achieved  by  eom^ 
stant  flow  netbods. 
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X.  COMCLOSIOWt  (ContlnuMi) 

tba  IniHsatlgatldiif  alto  indleatea  that  (siftalfi  problcna  flast  be  eireir^ 
ceae  befe^  the  proceae  can  be  conaidei^d  feaaiblei  Major  probleM 
are  the  preductlon  ef  an  adequate  fillet  imd  an  inqproTOment  of  the 
"threwing  pewer«"  If  theae  problema  could  be  overcomaf  the  aueeoaa 
of  the  preoeaa  would  be  groatlj  anhanoed* 
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34,  A.  0.  Fink,  0#  3.  2,653,879,  Eept.  29,  1953# 

35,  J.  t#  Young,  U.  3.  2,523,461,  3ept,  26,  1950# 

36#  P,  Pawlyk,  U,  3.  2,780,553,  Feb.  5,  1957. 

37,  P#  Pawljdc,  U.  3.  2,729,190,  Jan,  3,  1956# 

38,  P#  Pawlyk,  U.  3#  2,785,651,  March  19,  1957, 

39,  P.  Pawlyk,  U,  3,  2,792,806,  May  21,  1957, 

40,  P,  Pawlyk,  V.  3,  2,685,532,  Aug.  3,  1954. 
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41^  Pi  PnvXykj  ti.  S.  2,753>COO^  July  10,  1956. 

42*  Ci  Pi  Gernhan,  Hetal  Depoiite  Prom  Gases,  Products  Pinistaing,  page  6, 
iioTi  and  OsCi  1956. 

43i  Pi  Pavlyk  et  al.,  U.  S.  2,760,261,  Aug.  2S,  1956. 
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